Bacillus thuringiensis, a gram-positive soil bacterium, is characterized by its ability to produce crystals during sporulation. Most B. thuringiensis strains are toxic towards lepidopteran insects; however, a few subspecies, such as israelensis (13) , morrisoni PG-14 (28) , darmstadiensis 73-E10-2 (27) , kyushuensis (25) , kurstaki HD-1 (38) , and galleria (1), produce dipteran active toxins. Three of these strains, subsp. israelensis (12, 32) , subsp. morrisoni PG-14 (11, 40) , and subsp. darmstadiensis 73-E10-2 (6), also produce toxins that have cytolytic and hemolytic activity; however, the solubilized crystal proteins of subsp. kyushuensis are apparently not hemolytic (15) . Because of these similar properties, a number of comparative studies on the immunological, biological, and genetic relationship between these dipteran active strains of B. thuringiensis have been published (8, 11, 18, 31) .
The crystal protein genes of B. thuringiensis subsp. israelensis, kyushuensis, and morrisoni PG-14 are located on the 72-, 60-, and 94-MDa plasmids, respectively (8, 9, 14, 31) .
Even though their locations are on plasmids of different sizes, the protein toxins in these dipteran-active strains exhibit a high degree of homology. The greatest similarity is between the subspecies israelensis and morrisoni, in which the proteins appear to be immunologically similar (11) . For example, the 27-kDa cytotoxins from these two subspecies differ by only one base and amino acid change (7, 9) .
Similarly, the amino acid sequence of the 72-kDa toxin of subsp. morrisoni (PG-14) is identical to that of the 72-kDa toxin of subsp. israelensis (8a) . Further, Bourgouin et al. (2) recently showed that the plasmid DNA fragments in strain PG-14 hybridized with the 130-kDa protein gene of subsp. israelensis. In addition, the crystal toxin genes of subsp.
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37°C for 30 min. Activation of the solubilized toxin with Manduca sexta gut juice or with Culex quinquefasciatus brush border membrane vesicles (10:1 [vol/vol] , toxin to protease) was performed at 37°C with a 2-h incubation. M. sexta gut juice and C. quinquefasciatus midgut brush border membrane vesicles were prepared as previously described (16, 40) .
SDS-PAGE. Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) was performed by the method of Laemmli (20) by using 10% running and 4% stacking gels, and the gels were stained with 0.4% Coomassie blue R250. The molecular mass of proteins was determined by using protein standards obtained from Sigma (St. Louis, Mo.). Protein concentrations were measured by the method of Lowry et al. (22) with bovine serum albumin as the standard.
Antibody production and immunoblots. The whole crystals of B. thuringiensis subsp. fukuokaensis were mixed with Freund's complete adjuvant and injected subcutaneously into a female New Zealand White rabbit. Three further immunizations were given at 7-day intervals in Freund's incomplete adjuvant. A total of 1 mg of whole crystal protein was injected into the rabbit. The ability of the antisera developed against the whole crystal proteins of subsp. fukuokaensis to cross-react with protein toxins produced from four B. thuringiensis strains was determined by immunoblots. After SDS-PAGE, the resolved crystal proteins were transferred to nitrocellulose overnight as previously described (35) . The nitrocellulose was then washed twice in phosphate-buffered saline (PBS; [in grams per liter] NaCl, 8; KCl, 0.2; KH2PO4, 0.2; and Na2HPO4, 2) containing 0.05% Tween 20 and then incubated for 2 h at room temperature with antibody developed against subsp. fukuokaensis crystal proteins in PBS-0.05% Tween 20. The nitrocellulose was then washed three times with PBS-0.05% Tween 20 and then incubated with goat anti-rabbit immunoglobulin G-alkaline phosphatase for 2 h. Visualization was performed with Nitro Blue Tetrazolium chloride and 5-bromo-4-chloro-3-indolyl phosphate as the substrate.
Mosquitocidal activity. The bioassays were performed according to World Health Organization standard protocols by using 100 ml of distilled water and 20 fourth-instar larvae of Aedes aegypti and C. quinquefasciatus. The assays were performed in triplicate, and mortality was scored after incubation for 24 h at room temperature. For bioassays with solubilized proteins second-instar larvae of A. aegypti were used, and these bioassays were performed with 20 larvae in 20 ml of water. Values of 50% lethal concentrations (LC50s)
were determined by probit analysis as previously described (29) .
Hemolytic activity assay. Sheep erythrocytes (Colorado Serum Co., Denver, Colo.) were washed twice with PBS (pH 7.4) and suspended to ca. 4 x 108 cells/ml. Portions (100 IlI) of this erythrocyte suspension and 100 RI of 50 mM Na2CO3 (pH 10.0)-10 mM DTT-solubilized toxin were then added to wells in a 96-well microtiter plate. After incubation for 18 h at 37°C in a humidified 5% CO2 chamber, the plate was centrifuged (1,500 x g for 10 min) and the supernatant was removed and read against appropriate blanks at 570 nm.
Inhibition of hemolytic activity. The solubilized toxin proteins of B. thuringiensis subsp. fukuokaensis and subsp. israelensis were incubated for 30 min at 37°C with liposomes made from dioleoyl L-a-phosphatidylcholine as previously described (12 other subspecies with known mosquitocidal activity, a duplicate gel was immunoblotted with antiserum raised against the whole crystal of subsp. fukuokaensis (Fig. 1B ). This antiserum cross-reacted strongly with subsp. fukuokaensis crystal proteins but showed little cross-reactivity against the three other B. thuringiensis subspecies.
The crystals of B. thuringiensis subsp. fukuokaensis dissolved readily in 50 mM Na2CO3-HCl (pH 10.0)-10 mM DDT (Fig. 2, lane 3) . This SDS-PAGE pattern of the solubilized preparation is similar to that of the intact crystal (Fig. 2, lane 1) . However, there was little solubilization of intact crystals after incubation with C. quinquefasciatus larvae brush border membrane vesicles or the gut juice of M. sexta larvae (Fig. 2, lanes 2 and 5) . Only minor bands at 59 and 48 kDa were observed. However, treatment of crystals solubilized in 50 mM Na2CO3-HCl (pH 10.0)-10 mM DTT with gut membranes of dipteran (C. quinquefasciatus) larvae (Fig. 2, lane 4) or M. sexta larval gut juice (pH 10.0) (Fig. 2 , lane 6) for 2 h at 37°C resulted in significant proteolysis. In the latter two conditions the same major protein band of 64 kDa was observed.
The protease-treated fraction has mosquitocidal activity with an LC50 of 259 ,ug/ml to second-instar larvae of A.
aegypti (Table 2 ). This mosquitocidal activity is substantially lower than that of the crude solubilized fraction, which has an LC50 of 62 ,ug/ml. (Fig. 31B, lane 3) . In contrast there is a strong signal in the wild-type subsp. israelensis (Fig. 3B3, lane 1) . However, no hybridization to any plasmid or chromosomal DNA of strain YG-1 and subsp. fukuokaensis was observed (Fig. 3B, ogous to proteins encoded by the crylVA and cryIVC genes of subsp. israelensis (data not shown).
As with the three other mosquitocidal strains used, B. thuringiensis subsp. fukuokaensis contains low levels of hemolytic activity. A dose-response curve in lysing sheep erythrocytes was observed (Fig. 4) ; 50 p.g/ml was the lowest level at which detectable hemolytic activity was observed. In contrast, significantly higher levels of hemolytic activity were detected in subsp. israelensis. The hemolytic activity of the solubilized subsp. fukuokaensis was lost after treat- ment with M. sexta gut juice. No hemolytic activity was observed at toxin concentrations of up to 600 ,u.g/ml. Moreover, the hemolytic activity observed in subsp. fukuokaensis could be inhibited by prior incubation of the solubilized toxin with liposomes made of unsaturated phospholipids (Fig. 5) . This lipid-mediated inhibition of toxicity appears similar to that observed with subsp. israelensis. (Fig. 3) because curing of the strain of this plasmid as observed with a spontaneous Cry-mutant, YG-101, resulted in a loss of crystal production and mosquitocidal activity. Moreover, there appears to be little homology between the 130-MDa plasmid and chromosomal DNA of subsp. fukuokaensis and the 72-kDa protein gene in both subsp. israelensis and morrisoni PG-14. However, there is significant amino acid homology in the N-terminal sequence of the 90-kDa protein of subsp. fukuokaensis and the proteins encoded by the cryIVA and cryIVC genes of subsp. israelensis (33, 36) . It appears that these mosquitocidal proteins therefore have similar origins, but the 90-kDa protein in subsp. fukuokaensis is naturally truncated, as is the protein encoded by the cryIVC gene (33) .
The mosquitocidal activity of this isolate is substantially less than that of B. thuringiensis subsp. israelensis or subsp. morrisoni PG-14, both of which are mosquitocidal at the nanogram per milliliter level. However, the mosquitocidal activity of subsp. fukuokaensis is on the same order of magnitude as that of other mosquitocidal isolates, viz., subsp. darmstadiensis 73-E10-2 and subsp. kyushuensis. The crystals are toxic to both A. aegypti and C. quinquefasciatus; however, the latter mosquito species is more sensitive. The toxicity of crystals of subsp. kyushuensis is significantly less than that reported by Earp et al. (8) but higher than that reported by Held et al. (15) .
Solubilization of the crystals was readily achieved in 50 mM Na2CO3 (pH 10.0) containing 10 mM DTT. The solubilized fraction which shows a similar SDS-PAGE profile (Fig.  2) is, however, substantially less mosquitocidal than the crystals. This decrease in mosquitocidal activity of solubilized toxins is expected because of the filter feeding behavior of mosquitoes. A similar decrease in mosquitocidal activity has been reported by Schnell et Lecadet and Dedonder (21) showed that the gut juice protease purified from Pieris brassicae larvae had the ability to dissolve the crystals and had protease activity similar to those of trypsin and chymotrypsin. The (14) in which no hemolytic activity was observed in subsp. kyushuensis. B. thuringiensis subsp. darmstadiensis 73-E10-2 had negligible levels of hemolytic activity when sheep erythrocytes were used as the target. However, when human erythrocytes were used, subsp. darmstadiensis had higher levels of hemolytic activity (6) (6, 12, 32) . Following insertion, the toxin undergoes aggregation on the cell membrane, subsequently causing cell lysis (4, 23) . The aggregation apparently results in the formation of pores (19) 24-kDa peptide is observed and the hemolytic activity associated with it is retained (40) .
In conclusion, we report here the partial characterization of a new B. thuringiensis serotype which has mosquitocidal and cytolytic activities. The biological activity in this serotype is derived from proteins that are immunologically distinct from the known B. thuringiensis mosquitocidal and cytolytic proteins.
